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cr i t ica l  pe r iod  in  t he  r a b b i t  d u r i n g  which  a d m i n i s t r a t i o n  
of t h a l i d o m i d e  is ef fec t ive  is no t  ye t  def ined.  I t  m u s t  be, 
however ,  v e r y  close to  t h e  t i m e s  a t  wh ich  i m p l a n t a t i o n ,  
m e t a m e r i s m ,  a n d  d i f f e r en t i a t i on  of t h e  h e a r t  a n d  a d j a c e n t  
vessels a re  nea r i ng  comple t i on  (8 9 days  pc). Th i s  could  
a c c o u n t  for  the  i n t e r e s t i ng  s y n d r o m e  of effects.  I t  would  
also a c c o u n t  for t he  i n t e r r ac i a l  d i f ferences  in  s y n d r o m e  
a n d  in n u m b e r  of defects ,  s ince t he re  are fewer sof t  t i ssue  
anomal i e s  in t he  OS a n d  M s t r a in s  t h a n  in I I I .  Th i s  indi-  
ca tes  the  i m p o r t a n c e  of knowledge  of r e l a t i ve  res idua l  
v u l n e r a b i l i t y  to  s p o n t a n e o u s  m a l f o r m a t i o n  w i t h  re ference  
to  t i m e  a n d  loca l iza t ion  in s t r a i n s  used in d r u g  tes t ing .  
W i t h  one  excep t ion  all of these  an i m a l s  were t r e a t e d  a t  
t he  same  e m b r y o n i c  age. The  obse rved  s t r a i n  di f ferences  
m a y  ind ica t e  d i f fe ren t i a l  m a t u r a t i o n  of o rgans  a n d  t issues  
as t he  cr i t ica l  e l e m e n t  d e t e r m i n i n g  local ized vu lne rab i l i t y .  
T a b u l a t i o n  and  ana lys i s  of con t ro l  l i t t e rs  shows  t h a t  t r ea t -  
m e n t  p rev ious  to c u r r e n t  p r e g n a n c y  ha s  no  s ign i f i can t  
r e s idua l  ef fec t  on  succeed ing  l i t t e r s  in  all  e x c e p t  t he  
s t e r n e b r a l  v a r i a t i o n  ( reduced or  a b s e n t  5 th  or  6 t h  s t e rne -  
brae)  in  s t r a i n  I I I .  A ce r t a i n  p r o p o r t i o n  of  t he  a b n o r -  
mal i t i e s  found  in con t ro l  popu l a t i ons ,  w i t h  one  excep t ion ,  
fall  in a reas  k n o w n  f rom p rev ious  g r o w t h  s tud ies  9 to  be 
vuh~erable  to  r e t a r d a t i o n  a n d  t h u s  h a v e  gene t ic  origin.  
W h e n  t h e  t r e a t e d  d a t a  a re  we igh ted  for s t r a in  specific dif- 
ferences in v u l n e r a b i l i t y  wh ich  c a n n o t  be due  to tha l ido-  

mide  t he re  r e m a i n  h igh ly  s ign i f i can t  s t r a i n  di f ferences  in 
response  to t he  d r u g  ~4. 

Zusammen]assung. T h a l i d o m i d  w u r d e  in G e l a t i n k a p s e l n  
perora l  (500 m g / T a g / K a n i n c h e n )  an  30 g rav ide  K a n i n -  
chen  v o m  6. bis  11. Tag  n a c h  K o n z e p t i o n  v e r a b r e i c h t .  
Von 109 k lass i f iz ie rbaren  J u n g e n  waren  n u r  4 %  n o r m a l :  
77 t iber leb ten ,  9 wa ren  t o t  u n d  23 w u r d e n  a b o r t i e r t ;  20 
wei tere  waren  tei lweise r e so rb ie r t  und  d e s h a l b  unk lass i -  
f iz ierbar .  Die drei  gene t i sch  ve r sch iedenen  K a n i n c h e n -  
s t i imme  des  Versuchs  wiesen s ign i f ikan te  U n t e r s c h i e d e  
au f  in  Typus ,  r e l a t i v e r  Zahl  u n d  V e r t e i h m g  de r  Miss-  
b i ldungen .  
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Antibody Production by Blood Leucocytes 

Introduction. Li t t l e  is st i l l  k n o w n  of t h e  i n t e r n a l  
m e c h a n i s m s  of t he  cell w h i c h  re su l t  in  a n t i b o d y  fo rma-  
t ion,  b u t  t he re  is cons iderab le  ev idence  for  t h e  presence  
of a n t i b o d y - f o r m i n g  cells w i t h i n  t he  a r c h i t e c t u r e  of 
l y m p h o i d  organs ,  such  as  splcen a n d  l y m p h  nodes  
(GOWANS a n d  McGREGOR 1) HUMPHREY a n d  \¥HITE~). 
P r o d u c t i o n  of a n t i b o d y  can  also occur  local ly in a l m o s t  
a n y  t i ssue  p r o v i d e d  a n t i g e n  is p resen t .  These  fac ts  h a v e  
been  e s t ab l i shed  b y  a b l a t i o n  of organs ,  b y  i r r ad ia t ion ,  b y  
d a m a g e  of l y m p h o i d  o rgans  a n d  b y  t h e  e x t r a c t i o n  of 
a n t i b o d y  f rom t issues ;  m u c h  a d d i t i o n a l  i n f o r m a t i o n  was 
also o b t a i n e d  b y  t r a n s p l a n t a t i o n  of t i ssues  f rom i m m u -  
n ized  a n i m a l s  to  n o r m a l  i n b r e d  or  i r r a d i a t e d  rec ip ients .  

I t  is t he  pu rpose  of t h i s  c o m m u n i c a t i o n  to  cons ide r  
r e c e n t  ev idence  for  a n t i b o d y - p r o d u c i n g  cells in  ye t  
a n o t h e r  locat ion,  n a m e l y  in l y m p h  a n d  blood.  GOWANS 
a n d  McGREGOR ~ h a v e  s u m m a r i z e d  the  d a t a  which  leave 
no  d o u b t  t h a t  a n t i b o d y - p r o d u c i n g  ceils ~an be  found  in 
t he  c i rcu la t ion .  Some of t h e  r e c e n t  s tud ies  in ou r  l abora -  
tor ies  (HULLIGF.R a n d  SORKm3,L LANDY e t  al.S) a t t e s t  
b y  qu i t e  s e p a r a t e  m e a n s  to  t h e  a n t i b o d y - p r o d u c i n g  
c a p a c i t y  of p e r i p h e r a l  b lood  leucocytes .  Some  impl ica-  
t ions  of these  f ind ings  a n d  t he  poss ib i l i t ies  t h e y  raise  for  
f u t u r e  work  will be  cons idered .  

Methods. The  e x p e r i m e n t a l  s i t u a t i o n s  we i n v e s t i g a t e d  
were (a) r a b b i t s  h y p e r i m m u n i z e d  w i t h  h u m a n  s e r u m  in- 
j ec ted  i n t r a v e n o u s l y ,  b lood  leucocytes  be ing  o b t a i n e d  for  
t e s t  4 d a y s  a f t e r  a boos t e r  in jec t ion ,  a n d  (b) r a b b i t s  g iven  
a s ingle  i n t r a v e n o u s  in j ec t ion  of 5 t*g of Salmonella 
enteritidis soma t i c  po lysacchar ide ,  b lood  leucocytes  b e i n g  
t a k e n  for  t e s t  a t  da i ly  i n t e r v a l s  t he rea f t e r .  I n  (a) de  n o v o  
syn thes i s  of a n t i b o d y  in v i t r o  was  d e m o n s t r a t e d  b y  incu-  
b a t i o n  of 40 80 • 106 nuc l ea t ed  b lood  leucocytes  w i th  

C14-amino ac ids  for 3 h a n d  t he  i n c o r p o r a t i o n  in to  specif ic  
a n t i b o d y  was  m e a s u r e d  b y  t h e  r a d i o a c t i v i t y  p r e sen t  in 
t i le  a n t i g e n - a n t i b o d y  p rec ip i t a t e  p roduced  by  ca r r i e r  
h u m a n  se rum a l b u m i n - r a b b i t  a n t i - H S A .  In  (b) t he  pro-  
d u c t i o n  of specific a n t i b o d y  was s h o w n  b y  a mod i f i ca t i on  
of t he  t e c h n i q u e  of localized hemolys i s  in  gel (JERNE et  
al .  8) in  which  5-20  • 108 washed  b lood leucocytes  in  
Eag le ' s  m e d i u m  p lus  a g a r  were mixed  w i t h  sheep  e r y t h r o -  
cy tes  t h a t  h a d  b e e n  coa t ed  w i t h  S. enteritidis polysac-  
char ide ,  the  m i x t u r e  poured  i n to  pe t r i  p l a t e s  a n d  al lowed 
to solidify, i n c u b a t e d ,  a n d  t he  p la t e s  over la id  w i t h  
gu inea -p ig  c o m p l e m e n t .  The  r e s u l t a n t  zones of hemolys i s  
(plaques)  a r o u n d  i n d i v i d u a l  leucocytes  were specific for 
S. enteritidis po lysaccha r ide  in t h a t  p l a t i n g  t he  s ame  
leucocytes  on  n o r m a l  sheep  red  cells, or  on  red  cells 
c o a t e d  w i t h  a n  immuno log i ca l l y  u n r e l a t e d  s o m a t i c  poly-  
s accha r ide  y ie lded no  p l a q u e  fo rma t ion .  

Results. T w e n t y  h y p e r i m m u n i z e d  r a b b i t s  were ex- 
a m i n e d  for  a n t i b o d y  p r o d u c t i o n  b y  splenic  a n d  p e r i p h e r a l  
b lood  cells and  apprec i ab le  a n t i b o d y  s y n t h e s i s  b y  b lood 
leucocytes  was d e m o n s t r a t e d  in 12 of t he  a n i m a l s  (HuL- 
LIGER and  SORKIN3,4). Some i l lus t r a t ive  d a t a  are g iven  
in F igure  1. 
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W h e r e a s  t he  con t ro l  va lues  for  n o r m a l  b lood  leuco- 
cytes  r a n g e d  f rom 165 to 394 CPM, those  for t he  im-  
mun ized  an ima l s  were 800 to  4700 CPM. I n  each  of these  
reac tors  t he  values  for a n t i b o d y  p r o d u c t i o n  b y  spleen 
cells were cons ide rab ly  h igher  t h a n  those  for p e r i p h e r a l  
cells b y  a fac to r  of 2 to  8 fold. Morpholog ic  s t u d y  of t h e  
cell p o p u l a t i o n  in spleen,  l y m p h  nodes  a n d  pe r iphe ra l  
b lood of t he  r eac t ive  i m m u n i z e d  r a b b i t s  revea led  a h i g h  
p ropor t i on  of p l a s m a  cells a n d  p l a s m a  b l a s t s  (up to  4 3 %  
in spleen, 15% in  nodes  a n d  as m u c h  as 9 %  in  b lood) ;  
controls ,  on  t he  o t h e r  h a n d ,  showed  few if a n y  such  cells 
in thes~ sites.  The  a f o r e m e n t i o n e d  va lues  were  t he  h i g h e s t  
ob t a ined  a m o n g  t h e  12 r eac to r s  of t h e  20 i m m u n i z e d  
animals .  O t h e r  r e a c t i n g  a n i m a l s  y ie lded lesser n u m b e r s  of 
these  cells; t h e  va lues  r a n g e d  d o w n  to  a p p r o x i m a t e l y  3 
t i m e s  t h a t  f ound  in t he  controls .  

A t o t a l  of 72 r a b b i t s  t h a t  rece ived  a sys t emic  s t i m u l u s  
of 5 #g of S. enlerit idis po lysaccha r ide  were s tud ied  for  t he  
p r o d u c t i o n  of a n t i b o d y  b y  p e r i p h e r a l  b lood  leucocytes  as 
measu red  b y  t he  t e c h n i q u e  of localized hemolys i s  in  gel;  
for c o m p a r a t i v e  purposes  para l le l  t es t s  were also m a d e  on  
spleen cells. I n  t h i s  work  an i m a l s  were sacr i f iced a t  
var ious  i n t e rva l s  a f t e r  t he  i m m u n i z i n g  in j ec t ion  in  o r d e r  
to  a sce r t a in  w h e n  p l a q u e - f o r m i n g  cells (PFC) m a d e  t h e i r  
in i t ia l  appea rance ,  a t t a i n e d  t h e i r  m a x i m u m  n u m b e r ,  a n d  
t he  t ime  w h e n  t h e y  no  longer  were e v i d e n t  (LANDY et  
al.7). S u m m a r y  d a t a  on  t he  n u m b e r s  of P F C  in b lood  as  
c o m p a r e d  w i t h  those  in  spleen d u r i n g  t he  f i rs t  week  of 
t he  i m m u n e  response  are r e p r e s e n t e d  g raph ica l ly  in  
F igure  2. 

I t  was  f o u n d  t h a t  sma l l  n u m b e r s  of  P F C  were p r e s en t  
in spleen as ea r ly  as  14-18 h ;  a f t e r  48 h t h e  n u m b e r  in-  
c reased e x p o n e n t i a l l y  to  r e a c h  a p e a k  of a p p r o x i m a t e l y  
2100 P F C  pe r  10 ~ cells a t  d a y  5. T h e r e a f t e r  t h e  n u m b e r  
of P F C  decreased  w i t h  a p p r o x i m a t e l y  equa l  r ap id i ty ,  so 
t h a t  b y  d a y  14-20  t h e i r  n u m b e r  h a d  p l a t e a u e d  a t  ap -  
p r o x i m a t e l y  20 P F C  pe r  10 ~ sp len ic  cells a n d  t h i s  level  
r e m a i n e d  u n a l t e r e d  for a t  l eas t  2 m o n t h s .  As r ega r ds  
b lood leucocytes ,  no  P F C  h a v e  b e e n  found  in  non -  
i m m u n i z e d  con t ro l s  ( tes ts  were m a d e  on  4 0 -  10 + leuco- 
cytes).  However ,  as ea r ly  as 2 days  a f t e r  t h e  i m m u n i z i n g  
in ject ion,  s ign i f i can t  n u m b e r s  of P F C  were p r e s e n t  in  t he  
b lood of some an imals ,  a n d  on  succeed ing  days  t he  n u m -  
bers  of P F C  inc reased  a n d  a h i g h e r  p r o p o r t i o n  of t he  
an ima l s  y ie lded p e r i p h e r a l  b lood  PFC.  Mean  va lues  for  
groups  of 5 -9  r a b b i t s  were 35 PFC/106 leucocytes  a t  d a y  
3, 170 a t  d a y  4, 65 a t  d a y  5 a n d  30 a t  d a y  6. F r o m  d a y  7 on  
no P F C  were e n c o u n t e r e d  in t he  b lood  of 17 an imals .  

The  a f o r e m e n t i o n e d  i n v e s t i g a t i o n s  in  our  r e spec t ive  
l abora to r ies  h a v e  dea l t  w i t h  e x p e r i m e n t a l  s i t u a t i o n s  
which  differ  in  m a n y  ways.  F o r  one  th ing ,  t h e  an t i gens  
emp loyed  were s t r i k i n g l y  diss imilar ,  i.e. a r e l a t ive ly  low 
molecu la r  we igh t  s e r u m  p r o t e i n  as opposed  to a h i g h  
molecula r  we igh t  po ly saceha r ide  complex .  Moreove r  t he  
fo rmer  is i nnocuous  whi le  t he  l a t t e r  is tox ic  as well  as 
ant igenic .  Secondly,  t h e  i m m u n i z a t i o n  p rocedure s  repre-  
s en t  t h e  e x t r e m e s  u t i l ized  b y  t h e  i m m u n o l o g i s t ;  viz. a 
pro longed series of in j ec t ions  of p ro t e in ,  fol lowed a f t e r  a 
res t  pe r iod  b y  a boos t e r  in jec t ion ,  as c o m p a r e d  w i t h  a 
single i n j ec t i on  of po lysacchar ide .  Th i rd ly ,  t h e  q u a n t i t y  
of an t i gen  a d m i n i s t e r e d  was  of t h e  o rde r  of 300 mg of 
p r o t e i n  as  opposed  to  5 #g of po lysacchar ide .  F o u r t h ,  t h e  
i m m u n i z a t i o n  reg imens  are k n o w n  to  lead to  t he  syn thes i s  
of d i f fe rent  molecu la r  fo rms  of a n t i b o d y .  R e p e t i t i v e  
s t imul i  w i t h  soluble  p ro t e in s  yield m a i n l y  7S a n t i b o a y  
(BAUER et  al. 8), whereas  a single smal l  dose of t h i s  p o l y -  
sacchar ide  ha s  been  s h o w n  to  evoke  a pu re  19 response  
(WEIDANZ et  al. 9). Desp i te  these  m a n y  d iss imi lar i t ies  in  
each of t he  n u m e r o u s  fac tors  i nvo lved  in d e t e r m i n i n g  t he  

c h a r a c t e r  of t h e  i m m u n e  response,  b o t h  e x p ~ r i m e n t a  
s i t ua t i ons  gave  rise to  t h e  a p p e a r a n c e  of a n t i b o d y -  
f o rming  cells in the  p e r i p h e r a l  c i rcu la t ion .  Consequen t ly  
i t  seems a r easonab le  a s s u m p t i o n  t h a t  t h e  a p p e a r a n c e  of 
these  cells in  b lood  is h a r d l y  fo r t u i t ous ;  r a t h e r  i t  is more 
l ikely to  r e p r e s e n t  a s ign i f i can t  face t  of t he  overa l l  im- 
m u n e  response.  

General discussion.  F i n d i n g  a n t i b o d y - f o r m i n g  cells in 
b lood jus t i f ies  pos ing  t he  q u e s t i o n  w h e t h e r  such  cells had  
ac tua l l y  b e e n  s t i m u l a t e d  whi le  in  t he  p e r i p h e r a l  circula-  
t ion.  R e l e v a n t  to  t h i s  issue is t he  b o d y  of r e c e n t  work  on 
t he  t r a n s f o r m a t i o n  of h u m a n  p e r i p h e r a l  l y m p h o c y t e s  in  
v i t r o  b y  va r i ous  means ,  i nc lud ing  p h y t o h e m a g g l u t i n i n ,  
specif ic  an t igen ,  an t i l eucocy t i e  s e r u m  etc.  T h e  r e s u l t a n t  
b l a s t  cells h a v e  b e e n  r e p o r t e d  as p r o d u c i n g  y-globul in 
(HIRSCHHORN et  al. to, PARENTI e t  a l . n ) .  These  inves t iga-  
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Fig. 1. Antibody production in vitro by blood leucocytes and spleen 
of rabbits hyperimmunized with HSA. 
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Fig. 2. Antibody production in vitro by spleen and blood leucocytes 
of rabbits after a single injection of Salmonella potysaccharide. 
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tions thus provide indications that  peripheral cells possess 
the basic potential  to respond with the production of 
immunoglobulins. 

I t  is noteworthy tha t  with regard to the emergence of 
substantial  numbers of antibody-forming cells in blood 
and their  progressive increase in number, the events in 
peripheral blood mirror, to a large extent, the correspond- 
ing cellular changes in spleen. The scoring of animals with 
PFC in blood was 8/8 at  3 days, 4/5 at  4 days, 6/10 at  5 
days and 3/7 at  6 days; the highest numbers of PFC were 
encountered between days 3 and 6. In this most active 
phase of the immune response 21130 animals displayed 
very substantial numbers of PFC in peripheral blood. 
Whether  the absence of discernible PFC in the remaining 
9 animals has any special significance remains to be deter- 
mined. The necessary processing of blood to remove 
erythrocytes and to concentrate leucocytes involves far 
more manipulation than the preparation of cell suspen- 
sions from spleen. The less uniform response in peripheral 
blood could conceivably involve technical factors, in 
which case it would be more apparent than real. This 
point merits further study. 

In the system of the rabbits hyperimmunized with 
human serum albumin (HULLIGER and SORKIN a'4) mor- 
phological evidence indicated tha t  at  4 days after the 
booster injection up to 9% of all leucocytes in blood seem 
to be commit ted to production of specific antibody as 
compared with up to 43% in spleen. In subsequent work 
with the same system it  was found tha t  at  2 days after a 
booster injection an even greater proportion of the peri- 
pheral leucocytes were morphologically of an antibody- 
producing character (HuLLIGER and SORKIN4). The fact 
tha t  in such hyperimmunized rabbits an astoundingly 
high proportion of the total number of leucocytes were 
now pyroninophilic cells constitutes no proof that  these 
cells were necessarily stimulated in blood. This possibility 
cannot be excluded, however, in view of the work of 
PARENTI et al. n who reported tha t  small lymphocytes 
from peripheral blood could be stimulated by phyto- 
hemagglutinin to transform directly without mitosis into 
pyroninophilic lymphocytes. However,  it would seem to 
us rather  remarkable tha t  such large numbers of cells 
could have emerged from spleen alone ~. The actual 
magnitude of the participation in the immune response 
by circulating cells is yet to be determined, but  the data 
already in hand suggest tha t  the contribution may be 
appreciable. 

I t  is of course important  to know the types of cells in 
blood responsible for this antibody production. In the 
case of the single antigenic stimulus, no information of 
consequence is available, inasmuch as the ceil population 
studied, after removal of the granulocytes, consisted of 
typical small lymphocytes with a very few medium size 
lymphocytes. I t  is pointed out, however, tha t  other mor- 
phologically distinctive cells could be present in small 
numbers and could easily have escaped detection since 
only about  one cell in 10,000 was a plaque-forming cell. 

Detailed morphologic studies were performed on the 
composition of the blood leucocytes in the hyperimmu- 
nized rabbits (HuLLIGER and SORKIN 4). There was found 
consistently a substantial increase in the number of pyro- 
ninophilic cells in blood at the t ime when antibody syn- 
thesis by blood leucocytes occurred. On the 4th day after 
a booster injection 12 of 20 rabbits studied showed these 
ceils in blood, the number varied over a wide range, viz. 
0.5 to 9%. Some of these pyroninophilic cells were 
plasmablasts and plasma cells while others also present in 
significant numbers were small pyroninophilic lympho- 
cytes. Although this cell population was thus fairly 

diverse, it nonetheless consisted of cells which are in some 
way implicated in the process of antibody production, 

The destination and fate of antibody-forming cells in 
blood poses still another problem. They could, of course, 
represent the means by which the capacity for antibody 
production is widely distributed. This presents an alterna- 
tive possibility to the generally accepted view that  distri- 
bution of antigen provides the means by which cells in 
various lymphoid sites are stimulated to antibody pro- 
duction. Conversely these may be cells which differ in 
important  ways from those in spleen, for example, in 
tha t  they are approaching the end of their antibody- 
producing phase, i t  may be tha t  cells in this phase of 
their career are actively eliminated from lymphoid organs 
and relocate in other sites, perhaps finally in a morpho- 
logically different form. 

At peak response, 4-5 days after injection of the poly- 
saccharide, there are found approximately 2600 PFC]106 
spleen cells and about  170 PFC/10 ~ blood leucocytes, i.e. 
the concentration of PFC in blood leucocytes is roughly 
1/16 that  in spleen, The decline in numbers of PFC in 
spleen is stabilized at around 20 PFC/106 cells by day 18, 
whereas in blood by day 7 there seems to be an abrupt  
cessation of detectable PFC. 

The appearance of PFC in peripheral blood of animals 
given a second injection of 5 pg of S. enteritidis polysac- 
charide 60 days later was studied in 22 rabbits. Mean 
values for the groups were as follows: 20 PFC/106 leuco- 
cytes at day 2 (3/3), 183 at  day 3 (5/5) and 37 at  day 4 
(2/2); at day 5-11 none were evident in 8 rabbits, As 
manifested by earlier appearance, peak and disappearance 
of PFC it appears tha t  the peripheral cell response to a 
second injection is speeded up significantly. The absence 
of PFC by day 7 after the first injection and by day 5 
after a second injection is not likely to represent a 'dilu- 
t ion'  effect since increments of as many as 40 million cells 
were plated and the method is known to be capable of 
measuring 10% of the PFC present in spleen from day 6-7 
onward, I t  seems likely tha t  by the time of peak response 
there has developed in spleen a heterologous population 
of cells, a significant proportion of which come into the 
blood. After the peak period, when PFC are no longer to 
be found in blood, significant numbers continue to be 
present in spleen. This could be interpreted as indicating 
that  the cells in spleen at this t ime are different from those 
at peak response, in tha t  the capacity to migrate out of 
the organ is now absent. Such 'non-migratory '  cells may 
well have been present throughout,  and only now are 
they discernable as the sole population. In cytological 
terms the 'fixed'  or non-mobile ]?FC may be lymphoblasts 
or immunoblasts, while the mobile cells may be lympho- 
cytes or plasma cells. 

If  antibody-producing cells are leaving fixed sites, an 
explanation is needed for this emigration. One of the 
possibilities which comes to mind could have its basis in 
the known trigger effect of antigen/antibody complexes 
on the formation of chemotactic factors. When antibody 

1s In this connection it should be noted that the number of mono- 
nuclear cells in the entire blood volume of the rabbit is roughly 
comparable to the number of monocytie cells in spleen. The cal- 
culations on which this statement is based are as follows: Blood 
volume is taken as 1[13 of the body weight and an adult 3 kg 
rabbit would thus have a blood volume of approximately 230 mL 
V, rith an average value of 5000 leucocytes per mm 3 the total is 
approximatdy 1.15 • 16 * leucocytes of which about 113 or about 
4 • 108 are mononuclear cells, which could be implicated in immu- 
nological events. The number of monocytic cells in the entire 
spleen was generally 3-5 • 10* as determined by chamber counts. 
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is formed by cells in the lymphoid organs and reacting 
with antigen, it is c6nceivable that  under the influence of 
locally formed chemotactic factors certain types of cells 
would then migrate from the organ. 

I t  was found that  shortly after rabbits had been in- 
jected intravenously with 5/~g of somatic polysaccharide, 
a reduction in thymic cellularity began which, with time, 
became more pronounced until at  day 5 (the interval of 
peak antibody response and maximum number of PFC 
in blood and in spleen) this organ then was, for all prac- 
tical purposes, depicted of lymphocytes (LANDY et al. x3). 
Thereafter the ceils gradually reappeared and by day 20 
the thymus was once again found to be a fully cellular 
apparently normal organ. Since the loss of thymic cellu- 
larity coincided with the progressive increase in the num- 
ber of antibody-forming cells in spleen and in blood, the 
possibility of a temporal relationship between these two 
events was considered, i.e. that  the cells escaping from 
the thymus accounted in part  for the number of antibody- 
forming ceils in blood measured by localized hemolysis. 
However, subsequent experiments on thymectomized 
adult rabbits showed that  such animals were capable of 
responding to the polysaceharide stimulus with the usual 
number of PFC in both spleen and blood (LANDY and 
SANDERSON 14). 

The recent work of GOWANS on thoracic duet lympho- 
cytes and the many investigations based on labelling with 
tritiated thymidine (FLOREY and GOWANS 1~), have shown 
that  lYmphocytes are capable of extensive migration via 
lymph, Mood a n d  lymphoid organs. The present work 
emphasizes tha t  cells actually engaged in synthesis of 
antibody are capable of similar mobili ty;  once in the cir- 
culation these cells could be transported to even the most 

d i s t a n t  sites. As regards the immunological '  properties 
attr ibuted to lymphocytes, these have generally been 
considered to be capabilities other than the production of 
humoral antibody. Thoracic duct ceils are commonly 
viewed as being a 'pure '  population of lymphocytes;  ac- 
cordingly studies on the hyperimmunized rabbits have 
been extended to include cells from this source (HuLLmER 
and SORKIN 4). Antibody production was found in thoracic 
duct cells of some of these animals and in addition pyro- 
ninophilic cells were demonstrated in significant numbers 
(as compared to controls). However, since pyroninophilic 
cells were sometimes encountered in thoracic duct lymph 
in our control animals these findings do not necessarily 
constitute evidence that  lymphocytes per se can produce 
antibody. 

The demonstration of immunol0gically active cells in 
sites other than those traditionally associated with the 
process of antibody synthesis should now perhaps be 
viewed with greater caution. The knowledge that  cells 
producing antibody come into the circulation raises from 
a possibility to a certainty that  at least some of these 
c_~lls would reach and lodge in sites not generally associ- 
ated with the process of antibody production. Thus the 

detection of antibody-producing cells by immunofluores- 
cence, incorporation of labelled amino acid into immuno- 
globulin, autoradiography or by localized hemolysis need 
not be interpreted as evidence tha t  this act ivi ty had 
actually arisen in locations not ordinarily associated with 
antibody production. For example, we have reported the 
finding of antibody-producing cells .in thymus (LANDY 
et al. ~) after a single intravenous injection of antigen. 
Furthermore, very considerable numbers of PFC have 
been found in the liver of rabbits given a single intra- 
venous injection of polysaccharide (SANDERSON and 
LANDYI~). One could of course believe that  cells in these 
organs had been directly stimulated, but  i t  seems to us 
more reasonable to consider the alternative probability 
that  in the thymus there had occurred an infiltration of 
antibody-forming cells from other sites, and in the liver, 
because of the relatively enormous blood flow through 
this organ, antibody-forming cells in ttle circulation had 
somehow been trapped or occluded in this organ and local 
proliferation may have occurred. In this connection may 
be mentioned studies which suggest tha t  antibody pro- 
duction within the liver (in response to ovalbumin and 
pneumococcal polysaccharide) is usually correlated with 
t h e  presence of ' invading'  cells forming scattered peri- 
portal granulomate leading to the conclusion that  hepatic 
parenchymal cells do not synthesize antibody (HUMPHREY 
and WHITE2). In view of the findings presented here the 
detection of antibody-producing cells in unfamiliar loca- 
tions might  best be viewed in terms of the transport 
mechanism provided by the circulation and that  addi- 
tional evidence be sought before concluding tha t  antibody 
production had been initiated in non-lymphoid tissueslL 

Zusammen/assung. Zirkulierende Blutleukocyten pro- 
duzieren Antik6rper nach mehrmaliger Injektion ,con 
Protein-Antigen oder einmaliger Verabreichung von Endo- 
toxin. Ursprung und Bestimmungsort  dieser Zellen wer- 
den diskutiert. 
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C O R R I G E N D U M  

G. W. BARNES, M. A. SULLIVAN, 1~. H. BEUTNER, and 
E. WITEBSKY: In vitro and in vivo Interaction o/Nuclear 
Antibodies with Corresponding Antigens, Experientia  2z, 
fasc. 8, p. 485 (1965). The legend for the one and only 
Figure of the paper reads correctly as follows: 'Direct 
immunofluorescent staining of S.L.E. (PAT) liver smear 
with anti-human conjugate. × 5oo, Upper;  Conjugate 
neutralized with human v-globulin (Cohn Fr. II). Nega- 
tive reaction. Lower: Active conjugate. Note nuclear and 

cytoplasmic staining.' The text-lines (p. 486) referring to 
this Figure read correctly as follows: 'A few of the stained 
ceils in liver films, in addition showed a distinct nuclear 
reaction (Figure, lower).' and 'The serologic specificity of 
the immunofluorescent reaction was confirmed by nega- 
t ive results obtained with similar slides treated with y- 
globulin-neutralized conjugate (Figure, upper).' The 
footnote of Table II  reads correctly as follows ,,tTested 
at an earlier date. '  


